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The title compound, CiiHnBrN40S, crystallized as a racemic 
twin with two symmetry-independent molecules in the 
asymmetric unit. The dihedral angles between the benzene 
and triazole rings of the two independent molecules are 
56.41 (18) and 54.48 (18)°. An intramolecular O-H- ■ -N 
hydrogen bond occurs in each molecule. In the crystal, pairs 
of symmetry-independent molecules are linked by pairs of 
almost linear N— H- ■ S hydrogen bonds, forming cychc 
dimers characterized by an i?l(8) motif. There are weak tt-tt 
interactions between the benzene rings of symmetry-indepen- 
dent molecules, with a centroid-centroid distance of 
3.874 (3) A. 

Related literature 

For background to the biological activity of related 
compounds, see: Demirbas (2004); Demirbas et al. (2009); 
Todoulou et al. (1994); Kumar et al (2008); Kochikyan et al. 
(2011); Singhal etal. (2011); Popiolek et al. (2013); Sraa (2012). 
For similar structures, see: Wu et al. (2012); Pannu & Hundal 
(2011). For standard bond lengths, see: Allen et al. (1987). For 
graph-sets of hydrogen-bond motifs, see: Bernstein et al. 
(1995). 




Experimental 

Crystal data 

CuHuBrN40S 
M, = 327.21 
Monoclinic, Fl^ 
a = 6.323 (4) A 
b = 16.459 (11) A 
c = 12.461 (8) A 
= 90.330 (9)° 

Data collection 

Bruker SMART APEXII 
diffractometer 

Absorption correction: multi-scan 
{SADABS; Slieldrick, 2000) 
r„,i„ = 0.350, r„,„ = 0.435 

Refinement 

R[F^ > 2a(F^)] = 0.031 

wR(F^) = 0.065 

S = 1.01 

5222 reflections 

328 parameters 

1 restraint 

H-atom parameters constrained 



Table 1 

Hydrogen-bond geometry (A, °). 



V = 1296.8 (15) A' 
Z = 4 

Mo Ka radiation 
/i = 3.32 mm^' 
T = 298 K 

0.40 X 0.35 X 0.30 mm 



14802 measured reflections 
5222 independent reflections 
4285 reflections with / > 2a(I) 
R:„, = 0.033 



A/7„„ = 0.28 e A-/_ 
Apmin = -0.45 e A ' 
Absolute structure: Flack (1983), 

2514 Friedel pairs 
Absolute structure parameter: 

0.581 (7) 



D-H-A 


D-H 


H- ■ A 


D- ■ A 


D-H-A 


N1-H1---S2' 


0.86 


2.45 


3.309 (3) 


176 


N5-H5A---S1" 


0.86 


2.44 


3.302 (3) 


177 


01-Hlyl-N4 


0.82 


2.02 


2.712 (4) 


141 


02-H2- ■ NS 


0.82 


1.99 


2.695 (4) 


143 



Symmetry codes: (i) x — 1, y, z; (ii) x + l.y. z. 



Data collection: SMART (Bruker, 2000); cell refinement: SAINT 
(Bruker, 2000); data reduction: SAINT; program(s) used to solve 
structure: SHELXS97 (Sheldrick, 2008); program(s) used to refine 
structure: SHELXL97 (Sheldrick, 2008); molecular graphics: 
SHELXTL/PC (Sheldrick, 2008); software used to prepare material 
for publication: SHELXTL/PC. 
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4-[(5-Bromo-2-hydroxybenzylidene)ammo]-3-ethyl-lH-l,2,4-triazole-5(4H)- 
thione 

Cai-Xia Yuan^ Shu-Fen Lan^ Xin-Yu Liu and Miao-Li Zhu 

51 . Comment 

Recently, 1,2,4-triazoles and their derivatives have been the focus of a great deal of attention owing to their effective 
biological activities such as antimicrobial, antiviral, analgesic, anti-inflammatory, anticancer and antioxidant properties 
(Demirbas et al, 2004 and 2009; Kochikyan et al, 2011; Kumar et al, 2008; Singhal et al, 2011; Todoulou et al, 1994). 
As a result, a number of attempts were made to improve the activity of these compounds by varying the substituents on 
the 1,2,4-triazole nucleus (Popiolek et al, 2013; Sraa et al, 2012). Among these, the amino- and mercapto-group 
substituted 1,2,4-triazole ring systems represent an important group of compoimds that are promising for practical 
application. Therefore, the title compound (I), has been synthesized and its crystal structure has been determinined. 

The crystal structure is illustrated in Fig. 1. The title compound (1) crystallizes in the monoclinic space group P2\ with 
two symmetry-independent molecules in the unit cell. The bond lengths of N4-C5 [ 1 .274 (5) A] and N8-C 1 6 [ 1 .272 (5) 
A] confirm them as double bonds, which is similar to those reported in other Schiff bases (Pannu et al, 2011; Wu et al, 
2012;). The molecule of (1) exists in the thione tautometic form, with C=S distances of 1.673 (4) and 1.672 (4) A, which 
indicates a substantial double-bond character (Allen et al, 1987). 

The packing arrangement m the crystal structure of (I) is shown in Fig. 2. As a common feature of o-hydroxysalicyl- 
idene systems, the azomethine group in title compoimd forms intramolecular O-H—N hydrogen bonds with the 
neighbouring hydroxyl groups. Moreover, the crystal structure also contains intermolecular N-H - S hydrogen bonds 
between both independent molecules with cyclic motifs [graph set ^2^(8)] (Bernstein et al, 1995). The molecules are 
further linked via weak n-n interactions between benzene rings (Cgl and Cg2). The hydrogen bonds and k-k interactions 
link the molecules into ribbon structures. 

52. Experimental 

The title compound was synthesized by condensation of 4-amino-3-ethyl- l//-l,2,4-triazole-5(4//)-thione and 5-Br- 
salicylaldehyde. 0.5 mmol of 4-amino-3-ethyl-l,2,4-triazole-5-thione was thoroughly dissolved in 20 ml of ethanol with a 
constant stirring at 353 K. Then 0.5 mmol of 5-bromosalicylaldehyde in 10 ml ethanol was added drop wise to a solution 
of the above. The mixture was further refluxed for 2 h. The resulting yellow solution was filtered and the filtrate was left 
to stand at room temperature. The yellow crystals of compound (I) were received from the filfrate with slowly 
evaporating the solvent for a few days. Yield: 78%. Anal. Calcd. for CiiHiiBrN40S: C 40.38, H 3.39, N 17.12%. Found: 
C 40.31, H 3.45, N 17.07%. IR (v/cm '): 3109, 3055, 2958, 1603, 1588, 1513, 1416, 1352, 1288, 1165, 1174, 967, 817, 
627. UV/vis in DMSO, Wnm {e lOW"' cm"'): 265(13.9), 343(7.77). 



Acta Cryst. (2014). E70, o881-o882 



sup-1 



supporting information 



S3. Refinement 

The H atoms bonded to C atoms were placed in calculated positions (C — H=0.96, 0.97 and 0.93 A for Csp^, Csp^ and Csp 
atoms, respectively), assigned fixed (/iso values [C/iso(H) = 1.5 J7eq(C) for methyl groups and 1.2 U^^{C) for all others] and 
treated as riding atoms. The H atoms attached to O and N atoms were found in difference electron-density maps and were 
refmed isotropically, with J/i^H) = 1.5 U,^(0) or UU^) = 1.2 (7ec(N) and fixed O— H (0.82 A) and N— H (0.86 A) bond 
lengths. 




Figure 1 

View of the structure with displacement ellipsoids drawn at the 30% probability level. Dotted lines represent hydrogen 
bonds and n-n interactions. 
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Figure 2 

A part of the crystal structure, showing the formation of a chain of /?2^(8) hydrogen-bonded rings and tt-tt stacking 
between the benzene rings rings; Cgl: C6/C7/C8/C9/C10/C11, Cg2: C17/C18/C19/C20/C21/C22. Symmetry codes: i)x- 
1 , z + 1 ; ii) X + l,y,z - 1 . H atoms without H-bonds have been omitted for clarity. 

4-[(5-Bromo-2-hydroxybenzylidene)amino]-3-ethyl-1H-1,2,4-triazole-5(4H)-thione 



Crystal data 

CiiHiiBrN40S 
M,= 327.21 
Monoclinic, P2i 
Hall symbol: P 2yb 
a = 6.323 (4) A 
Z7= 16.459 (11) A 
c= 12.461 (8) A 

= 90.330 (9)° 
V= 1296.8 (15) A^ 
Z = 4 

Data collection 

Bruker SMART APEXII 

diffractometer 
Radiation source: fine-focus sealed tube 
Graphite monochromator 
CO scans 

Absorption correction: multi-scan 

(SADABS; Sheldrick, 2000) 
r„,.„ = 0.350, Tn^ax^ 0.435 

Refinement 

Refinement on P 

Least-squares matrix: full 

i?[P>2f7(i^)] = 0.031 

wR{I^) = 0.065 

5= 1.01 

5222 reflections 

328 parameters 



7^(000) = 656 

Z)x= 1.676 Mgm-3 

Mo Ka radiadon, X = 0.71073 A 

Cell parameters from 4187 reflections 

6* = 2.5-25.3° 

IX = 3.32 mm"' 

r=298K 

Block, yellow 

0.40 X 0.35 X 0.30 mm 



14802 measured reflections 
5222 independent reflections 
4285 reflecdons with/> 2f7(7) 
Rm = 0.033 

^max = 26.3°, 0mm ^ 1-6° 



h = -7^7 
/c = -20^20 
/ = -15^15 



1 restraint 

Primary atom site location: structure-invariant 

direct methods 
Secondary atom site location: difference Fourier 

map 

Hydrogen site location: inferred from 
neighbouring sites 
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H-atom parameters constrained 
>v= 1/Ki^o') + (0.031P)2] 
wheTeP = {Fo^ + 2F,y3 
(A/(7U, = 0.001 
Ap„„ = 0.28 e 

Special details 

Geometry. All e.s.d.'s (except the e.s.d. in the dihedral angle between two l.s. planes) are estimated using the full 
covariance matrix. The cell e.s.d.'s are taken into account individually in the estimation of e.s.d.'s in distances, angles and 
torsion angles; correlations between e.s.d.'s in cell parameters are only used when they are defined by crystal S5mimetry. 
An approximate (isotropic) treatment of cell e.s.d.'s is used for estimating e.s.d.'s involving l.s. planes. 
Refinement. Refinement of against ALL reflections. The weighted if -factor wR and goodness of fit S are based on F^, 
conventional i?-factors R are based on F, with F set to zero for negative F^. The threshold expression ofF^> a{F^) is used 
only for calculating ^-factors(gt) etc. and is not relevant to the choice of reflections for reflnement. 7?-factors based on F^ 
are statistically about twice as large as those based on F, and R- factors based on ALL data will be even larger. 



Fractional atomic coordinates and isotropic or equivalent isotropic displacement parameters (A^) 





X 


y 


z 




Brl 


0.19835 (6) 


0.61341 (2) 


-0.42475 (3) 


0.05443 (12) 


SI 


0.10279(14) 


0.43885 (6) 


0.11498 (7) 


0.0394 (2) 


01 


0.8327 (4) 


0.49113(17) 


-0.10062(19) 


0.0511 (7) 


HIA 


0.8001 


0.5035 


-0.0391 


0.077* 


Nl 


0.2852 (5) 


0.50342 (19) 


0.2940 (2) 


0.0425 (8) 


HI 


0.1906 


0.4848 


0.3368 


0.051* 


N2 


0.4568 (5) 


0.5484 (2) 


0.3291 (2) 


0.0423 (8) 


N3 


0.4567 (4) 


0.53213 (17) 


0.1540 (2) 


0.0313 (7) 


N4 


0.5457 (4) 


0.53192(18) 


0.0511 (2) 


0.0360 (7) 


CI 


0.2787 (5) 


0.4913 (2) 


0.1880 (3) 


0.0325 (8) 


C2 


0.5590 (5) 


0.5653 (2) 


0.2428 (3) 


0.0337 (8) 


C3 


0.7562 (6) 


0.6128 (3) 


0.2360 (3) 


0.0438 (9) 


H3A 


0.7331 


0.6594 


0.1898 


0.053* 


H3B 


0.8655 


0.5795 


0.2039 


0.053* 


C4 


0.8317(7) 


0.6420 (2) 


0.3461 (3) 


0.0529(11) 


H4A 


0.7232 


0.6744 


0.3786 


0.079* 


H4B 


0.9574 


0.6741 


0.3380 


0.079* 


H4C 


0.8619 


0.5960 


0.3909 


0.079* 


C5 


0.4165 (6) 


0.5478 (2) 


-0.0249 (3) 


0.0332 (8) 


H5 


0.2777 


0.5616 


-0.0087 


0.040* 


C6 


0.4824 (5) 


0.5449 (2) 


-0.1370 (3) 


0.0305 (8) 


C7 


0.6786 (5) 


0.5157(2) 


-0.1695 (3) 


0.0343 (8) 


C8 


0.7249 (6) 


0.5113 (2) 


-0.2784 (3) 


0.0404 (10) 


H8 


0.8531 


0.4893 


-0.3004 


0.048* 


C9 


0.5816(6) 


0.5393 (2) 


-0.3542 (3) 


0.0390 (9) 


H9 


0.6142 


0.5370 


-0.4268 


0.047* 


CIO 


0.3887 (6) 


0.5707 (2) 


-0.3211 (3) 


0.0362 (9) 


Cll 


0.3376 (6) 


0.5723 (2) 


-0.2137 (3) 


0.0342 (8) 


Hll 


0.2063 


0.5917 


-0.1923 


0.041* 


Br2 


0.85545 (7) 


0.24611 (3) 


0.99904 (3) 


0.06106 (14) 



Ayo^in = -0.45 e A-3 

Absolute structure: Flack (1983), 2514 Friedel 
pairs 

Absolute structure parameter: 0.581 (7) 
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0.053* 


C20 


0.4612 (6) 


0.3147(2) 
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Atomic displacement parameters (A^) 







jjii 


IP' 


jjn 






Brl 


0.0537 (2) 


0.0799 (3) 


0.02963 (19) 


0.0011 (2) 


-0.00409 (16) 


0.0045 (2) 


SI 


0.0403 (5) 
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0.0281 (4) 


-0.0051 (4) 


0.0038 (4) 


0.0017 (4) 


01 


0.0457 (16) 
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0.0183 (14) 


0.0076 (12) 


0.0048 (14) 


Nl 


0.0402 (18) 
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—0.0011 (lo) 


A AA/1 ^ /' 1 C\ 

0.0046 (1 j) 


A AA'5 1 /I ii\ 

—0.0031 (16) 


DTZ 




A AO 1 O /"2\ 


U.UJdz (z) 


A A1 /lO /'0\ 

— U.U140 (z) 


AAl A^A /'I 0\ 

— u.uiuciu (ly) 


A A1 '20 /0\ 

U.U liy (z) 


CO 


U.UJoy (5) 


A A/I CT //;a 


U.Uzoo (4; 


A AA/I Q fA\ 

— U.UU40 (4) 


A AA/I ^ //l^ 

U.UU45 (4) 


A AA1 fA\ 

—U.UUlo (4) 


U2 


V.ViyD (io) 


A A/^O /'0\ 

U.Uo / (z) 


A A'2 OA /'I 

U.UjoU (lo) 


A A Am /'I /1\ 

u.uuy / (14) 


A AA/;^ /I 0\ 

U.UUOJ (Iz) 


A AAl A i\ A\ 
U.UU14 (14) 


JND 


A A/1 1 C / 1 A\ 

i).U4io (ly) 


A AC5 /^0\ 

U.053 (z) 


A AOO /I / 1 £i\ 

0.0ZZ4 (lo) 


A AA 1 C /' 1 C\ 

—0.0015 (15) 


A AATC t \ 1\ 

0.00/5 (13) 


A AAA A i ^ A\ 
O.oooy (14) 


JNo 


A AylO'^ /"I A\ 

U.U42j (lyj 


A ACC 

0.055 yl) 


0.0z33 (lo) 


A AA'3 C /I /C\ 

—0.0035 (lo) 


A AAAT /"I A\ 
0.000/ (14) 


A AA/I A t1 A\ 

—0.0044 (14) 


JN / 


A Aom 1 /C\ 

u.uiy / (lo) 


A A /I A A / 1 0\ 

U.U4UU (lo) 


A AO AO t A Z\ 

U.Uz4o (Id) 


A AAO '5 / 1 /I \ 

U.UUz3 (14) 


A AA/CO /^ 1 0\ 

U.UUoo (Iz) 


A A A 1 A / 1 '5 \ 

— O.UUiU (13) 


JNo 


A A'2 An t\ ^^ 
U.U j 1 / (loj 


A A/1 '2^ /I 0\ 


A AO 1 '2 /'I fi\ 

U.UZlJ (lo) 


A AAl '2 /'I /l^ 

— U.UUlJ (14) 


A AAQ 1 /'I '2^ 

U.UUol (1 J ) 


A AAl O /'I '2^ 

— U.UUIZ (1 j) 


Ciz 


A A'3 AO /I A\ 

u.uiUo (ly) 


A A/1 O /'0\ 

0.042 (z) 


A A0 11 /'I n\ 

0.0z33 (1 /) 


A AA'3 O t ^ £i\ 

0.0038 (lo) 


A AA'5 A /' 1 /I \ 

U.UU3y (14) 


A AA 1 A / 1 C\ 

U.UUlU (15) 


^ 1 "J 


A AO A 

U.Uj4 (2j 


0.03 / (zj 


A AO'3'7 tt 0\ 

0.0z3 / (lo) 


A AAl /I 

O.OOlO (lo) 


A AAA"! /I C\ 

—0.0003 (15) 


A AA/1 0/1 C\ 

— U.UU45 (15) 


C14 


A AT m /■ 1 A\ 

u.ujy / (lyj 


A A/1 'J 

U.U4J (z) 


A A'5 TI t A C\\ 

U.U3 li (ly) 


A AA 1 A tA 0\ 

— U.UulU (lo) 


A AA^O /' 1 C\ 

U.UUoz (15) 


A AA/^C / 1 n\ 
— U.UU6J (1 /) 






A A/1 1 /''2\ 


A A/1 n 
U.U4/ (z) 


A AA^O /'I 0\ 

—\j.\)\)b2. (ly) 


A A1 1 A /I 0\ 

— u.uiiu (ly) 


A AAl A /'I 0\ 

—U.UUlU (ly) 




A A/1 O /0\ 

U.U4Z (z) 


A A'2 O /''*)^ 

0.03o (z) 


A AO/C/1 /I A\ 

0.0zo4 (ly) 


A AAA A /I n\ 

o.oooy (1 /) 


A A1 1 '7 /I '7\ 
0.011 / (1 /) 


A AAl 1 /"I /C\ 
0.0011 (16) 


CI / 


A ATA /OA 

u.ujy (z) 


A A'5 A /0\ 

U.U34 (z) 


AAOC1 /10\ 

U.Uz51 (lo) 


A AAC5 /' 1 /C\ 

—0.0053 (Id) 


A AACA /'I C^ 

0.005y (15) 


A AA 1 O / 1 C\ 
O.OOlZ (15) 


C18 


0.043 (2) 


0.033 (2) 


0.032 (2) 


-0.0094 (17) 


0.0074(17) 


-0.0015 (16) 


C19 


0.049 (2) 


0.052 (2) 


0.032 (2) 


-0.0018 (19) 


0.0139(18) 


-0.0057 (18) 


C20 


0.059 (3) 


0.053 (3) 


0.0261 (19) 


-0.015 (2) 


0.0159(18) 


-0.0049 (17) 


C21 


0.053 (2) 


0.049 (2) 


0.0247(18) 


-0.0162(19) 


-0.0019(17) 


0.0030(16) 


C22 


0.041 (2) 


0.043 (2) 


0.037 (2) 


0.0005 (18) 


0.0072 (17) 


0.0034 (17) 



Geometric parameters (A. "} 



Brl— CIO 


1.896(4) 


Br2— C21 


1.901 (4) 


SI— CI 


1.673 (4) 


S2— C12 


1.672 (4) 


01— C7 


1.356 (4) 


02— CI 8 


1.343 (4) 


01— HIA 


0.8200 


02— H2 


0.8200 


Nl— CI 


1.336 (4) 


N5— C12 


1.352 (4) 


Nl— N2 


1.383 (4) 


N5— N6 


1.367(4) 


Nl— HI 


0.8600 


N5— H5A 


0.8600 


N2— C2 


1.288 (4) 


N6— C13 


1.303 (4) 


N3— CI 


1.380 (4) 


N7— C12 


1.374 (4) 


N3— C2 


1.391 (4) 


N7— C13 


1.379 (4) 


N3— N4 


1.403 (4) 


N7— N8 


1.404 (4) 


N4— C5 


1.275 (4) 


N8— C16 


1.271 (4) 


C2— C3 


1.474 (5) 


C13— C14 


1.476 (5) 


C3— C4 


1.527 (5) 


C14— C15 


1.525 (5) 


C3— H3A 


0.9700 


C14— H14A 


0.9700 


C3— H3B 


0.9700 


C14— H14B 


0.9700 


C4— H4A 


0.9600 


C15— H15A 


0.9600 


C4— H4B 


0.9600 


C15— H15B 


0.9600 


C4— H4C 


0.9600 


C15— H15C 


0.9600 


C5— C6 


1.461 (5) 


C16— C17 


1.453 (5) 


C5— H5 


0.9300 


C16— H16 


0.9300 


C6— C7 


1.393 (5) 


C17— C18 


1.408 (5) 


C6— Cll 


1.394 (5) 


C17— C22 


1.409 (5) 


C7— C8 


1.392 (5) 


C18— C19 


1.396 (5) 


C8— C9 


1.384 (5) 


C19— C20 


1.366 (5) 
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C8— H8 
C9— CIO 
C9— H9 
CIO— Cll 
Cll— Hll 



0.9300 
1.390 (5) 
0.9300 
1.379 (5) 
0.9300 



C19— H19 
C20— C21 
C20— H20 
C21— C22 
C22— H22 



0.9300 
1.384 (5) 
0.9300 
1.382 (5) 
0.9300 



C7— 01— HIA 
CI— Nl— N2 
CI— Nl— HI 
N2— Nl— HI 
C2— N2— Nl 
CI— N3— C2 
CI— N3— N4 
C2— N3— N4 
C5— N4— N3 
Nl— CI— N3 
Nl— CI— SI 
N3— CI— SI 
N2— C2— N3 
N2— C2— C3 
N3— C2— C3 
C2— C3— C4 
C2— C3— H3A 
C4— C3— H3A 
C2— C3— H3B 
C4— C3— H3B 
H3A— C3— H3B 
C3— C4— H4A 
C3— C4— H4B 
H4A— C4— H4B 
C3— C4— H4C 
H4A— C4— H4C 
H4B— C4— H4C 
N4— C5— C6 
N4— C5— H5 
C6— C5— H5 
C7— C6— Cll 
C7— C6— C5 
Cll— C6— C5 
01— C7— C8 
01— C7— C6 
C8— C7— C6 
C9— C8— C7 
C9— C8— H8 
C7— C8— H8 
C8— C9— CIO 
C8— C9— H9 
CIO— C9— H9 



109.5 

114.3 (3) 
122.8 
122.8 

104.4 (3) 
108.9 (3) 

127.7 (3) 

122.8 (3) 
114.8(3) 
102.2 (3) 

129.1 (3) 
128.7 (3) 

110.2 (3) 

126.3 (3) 

123.5 (3) 

112.1 (3) 
109.2 
109.2 
109.2 
109.2 
107.9 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
121.3 (3) 
119.4 
119.4 
119.7(3) 

123.2 (3) 
117.0 (3) 

116.6 (3) 
123.9(3) 
119.6(3) 
120.5 (3) 
119.7 
119.7 
119.6(3) 
120.2 
120.2 



C18— 02— H2 
C12— N5— N6 
C12— N5— H5A 
N6— N5— H5A 
C13— N6— N5 
C12— N7— C13 
C12— N7— N8 
C13— N7— N8 
C16— N8— N7 
N5— C12— N7 
N5— C12— S2 
N7— C12— S2 
N6— C13— N7 
N6— C13— C14 
N7— C13— C14 
C13— C14— C15 
C13— C14— H14A 
C15— C14— H14A 
C13— C14— H14B 
C15— C14— H14B 
H14A— C14— H14B 
C14— C15— H15A 
C14— C15— H15B 
H15A— C15— H15B 
C14— C15— H15C 
H15A— C15— H15C 
H15B— C15— H15C 
N8— C16— C17 
N8— C16— H16 
C17— C16— H16 
C18— C17— C22 
C18— C17— C16 
C22— C17— C16 
02— C18— C19 
02— CI 8— C 17 
C19— C18— C17 
C20— C19— C18 
C20— C19— H19 
C18— C19— H19 
C19— C20— C21 
C19— C20— H20 
C21— C20— H20 



109.5 
114.6(3) 
122.7 
122.7 

104.3 (3) 
109.7 (3) 

127.4 (3) 

122.3 (3) 
114.8(3) 

101.5 (3) 

128.7 (3) 

129.8 (3) 

109.9 (3) 

126.4 (3) 

123.7 (3) 

112.8 (3) 
109.0 
109.0 
109.0 
109.0 
107.8 
109.5 
109.5 
109.5 
109.5 
109.5 
109.5 
120.8 (3) 
119.6 
119.6 
118.7(3) 
123.3 (3) 
117.9(3) 
117.3 (3) 
123.3 (3) 
119.4(4) 
121.1 (4) 
119.4 
119.4 
119.8(3) 
120.1 
120.1 
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Cll— CIO— C9 120.4(3) 

Cll— CIO— Brl 120.2(3) 

C9— CIO— Brl 119.4(3) 

CIO— Cll— C6 120.1 (3) 

CIO— Cll— Hll 119.9 

C6— Cll— Hll 119.9 

CI— Nl— N2— C2 0.5 (4) 

CI— N3— N4— C5 51.3(5) 

C2— N3— N4— C5 -139.1 (4) 

N2— Nl— CI— N3 -0.7 (4) 

N2— Nl— CI— SI 178.4 (3) 

C2— N3— CI— Nl 0.6 (4) 

N4— N3— CI— Nl 171.4(3) 

C2— N3— CI— SI -178.5 (3) 

N4— N3— CI— SI -7.7 (5) 

N 1— N2— C2— N3 -0. 1 (4) 

Nl— N2— C2— C3 179.9 (3) 

CI— N3— C2— N2 -0.4 (4) 

N4— N3— C2— N2 -1 7 1 .7 (3) 

CI— N3— C2— C3 179.7 (3) 

N4— N3— C2— C3 8.3 (5) 

N2— C2— C3— C4 -0.3 (6) 

N3— C2— C3— C4 179.6 (3) 

N3— N4— C5— C6 -176.1 (3) 

N4— C5— C6— C7 7.9 (6) 

N4— C5— C6— Cll -172.8(3) 

Cll— C6— C7— 01 177.0(3) 

C5— C6— C7— 01 -3.7 (6) 

Cll— C6— C7— C8 -2.4(5) 

C5— C6— C7— C8 176.9 (3) 

01— C7— C8— C9 -176.4(3) 

C6— C7— C8— C9 3.1 (6) 

C7— C8— C9— CIO -1.1 (6) 

C8— C9— CIO— Cll -1.6(6) 

C8— C9— CIO— Brl 177.2 (3) 

C9— CIO— Cll— C6 2.2(6) 

Brl— CIO— Cll— C6 -176.5(3) 

C7— C6— Cll— CIO -0.2(5) 

C5— C6— Cll— CIO -179.5(3) 



C22— C21— C20 120.8 (4) 

C22— C21— Br2 118.8(3) 

C20— C21— Br2 120.3 (3) 

C21— C22— C17 119.9(3) 

C21— C22— H22 120.0 

C17— C22— H22 120.0 

C12— N5— N6— C13 0.2 (4) 

C12— N7— N8— C16 -51.8(5) 

C13— N7— N8— C16 138.0 (4) 

N6— N5— C12— N7 0.7 (4) 

N6— N5— C12— S2 -177.9 (3) 

C13— N7— C12— N5 -1.3 (4) 

N8— N7— C12— N5 -172.5 (3) 

C13— N7— C12— S2 177.3 (3) 

N8— N7— C12— S2 6.1 (5) 

N5— N6— C13— N7 -1.0(4) 

N5— N6— C13— C14 -179.0(3) 

C12— N7— C13— N6 1.6(4) 

N8— N7— C13— N6 173.3 (3) 

C12— N7— C13— C14 179.6 (3) 

N8— N7— C13— C14 -8.7 (5) 

N6— C13— C14— C15 -1.0(6) 

N7— C13— C14— C15 -178.7 (3) 

N7— N8— C16— C17 176.8 (3) 

N8— C 1 6— C 1 7— C 18 -6.3 (6) 

N8— C16— C17— C22 176.1 (3) 

C22— C17— C18— 02 -179.2 (3) 

C16— C17— C18— 02 3.3 (6) 

C22— C17— C18— C19 2.0(6) 

C16— C17— C18— C19 -175.6 (4) 

02— C18— C19— C20 178.4(4) 

C17— C18— C19— C20 -2.8 (6) 

C18— C19— C20— C21 0.3(6) 

C19— C20— C21— C22 3.0(6) 

C19— C20— C21— Br2 -179.5 (3) 

C20— C21— C22— C17 -3.7 (6) 

Br2— C21— C22— C17 178.8(3) 

C 1 8— C 1 7— C22— C2 1 1 .2 (5) 

C16— C17— C22— C21 178.9 (4) 



Hydrogen-bond geometry (A, °) 

D—H-A D—H U-A D-A D—U-A 

Nl— H1-S2' 0.86 2.45 3.309 (3) 176 

N5— H5^-S1" 0.86 2.44 3.302(3) 177 
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01— HU-N4 0.82 2.02 2.712(4) 141 

02— H2-N8 0.82 1.99 2.695 (4) 143 

Symmetry codes: (i)x-l, y,z; (ii)x+l,}>,z. 
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